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GROUND-FATER RECOURCES OF

BOONE COUNTY, INDIANA

By Edwin A, Brown

ABSTRACT

Boone County is in central Indiana on the drainage divide between the
West Pork of Thite River and the abash River. The county is rectangular
in shape, comprising L27 square miles, Lebanon, the county seat, is in the
center of the county, about 27 miles northwest of Indianapclis,

The topography is mainly that of a rather level, gently undulating tiil
plain, traversed by relatively small streams and the remnants of a moraine.

A chain of low morainal knolls itrends northwest diagonally across the center
v

of the county. Kames and kame-like structures are common, The greatest

local relief (about 75 feet) éccurs in the southeastern part of the county
where the morainal hills are cut by the tributaries of fagle Creek, which
flows southward, draining the eastern part of the county. OSugar Creek, a
somewhat larger stream, flows westward and drains the northern half of the
county, The headwaters of Eel River, flowing southwestward, drain the south-
central and southwestern parts of the county.,

According to U, 5., “eather Bureaun data, the nermal annual precipitation
at Thitestown is 39,7h inches and the humidity averages about 70 percent.
The mean annual air temperature is 51.3° F, The county is vrincipally an

agricultural center with a few industries in the larger communities, Three



of the municipalities have a population greater than 1,000, Numerous small
agricultural communities are common throughout the county.

A mantle of glacial drift, at least 354 feet thick according to one
record, covers the entire county with the exception of a bedrock outcrop
along the bed of Sugar Creek on the county line in the northwestern part of
the county. The rocks cropping out beneath the drift are Paleozoic in age,
ranging from the Middle Devonian limestones in the east to lower Mississippian
sediments in the west, The rocks apparenﬁly dip west-southwest at a rate of
about 25 feet per mile, A few wells indicate that the formations below the
Devonian yield mineralized water. The best bedrock wells--which, however,
do not have large yields-=obtain water from the Devonian limestones and Mis-
sissippian limestones, sandstones, and other clastic sediments.

The topography of the buried bedrock surface is relatively rugged. The
main bedrock drainage syztem follows rather c¢leosely the present course of
Svgar Creek., In the areas of the Devonian rocks, the slopes of the bedrock
surface are gentle. However, the contact of the Mississippian and Devonian
formations is marked by a steep escarpment trending nsrihwest through the
approximate center of the county. The buried upland in the western part of
the county is dissected by ravine-like valleys.

The major part of the county outside the valleys of Sugar Creek, Zagle
Creek, and the headwaters of Eel River is underlain by gravelly till or "blue
clay" containing interbedded depnsits of sand and gravel outwash. The
surficial materials in the northeastern part of the county are considered
to be deposits of the Bloomington morainic system and those in the scuth-
western part of the Champaign morainic system.

Outwash terrace remnants are moderately extensive along thé valleys of
Bagle and Sugar Crecks. Many kames and kame-like deposits of sand and gravel

ars seattarad tbhroughout the ccunty.,



The buried sand and gravel deposits within the drift are fairly numerous,
especially in the upper part, but usually are thin and not extensive over
broad areas. They are believed to be comnected hydraulically, however, and
furnish the major part of the ground water used in the'county. Thick units
of fine sand, many of which contain well-preserved vegetal material and com-
bustible gas, are fairly common, Buried swamp-type muck deposits containing
vegetal remains were reported in several wells, Yellow clay is present
within the drift at various levels, OSuch evidence suggests that some of
the drift is of Illinoian age or older. The thicker deposits of sand and
gravel are more common in the bedrock valleys than in the adjacent bedrock
unland areas, The glacial deposits of Boone County are extremely complex.

The glacial deposits of Boone County form a large underground reservoir
in which large gquantities of water are stored. The reservoir is replenished
by recharge from precipitation and is depleted by losses from evaperation
and plant use, by natural drainage of ground water into streams, and by
purping from wells.

Throughout most of the county, ground water occurs under artesian con-
ditions~--that is, it is confined under artesian pressure., Flowing wells
occur in several areas mainly along the vaileys of the present streams. The
piezometric surface, in general, is similar to the surface btopography, and
ground water discharges naturally into Sugar and Eagle Creeks,

Records of water levels in observation wells show that water levels in
Boone County have a seasonal fluctuation of about 8 to 10 feet, generally
being highest in April or kay and lowest in November or Yecember. In the
vicinities of the larger communities where ground water is used for municipal
and industrial purposes, the water levels in many wells are affected to a
large extent by pumping from the municipal and industrial wells.,

Water levels doubtless have declined throughout the county to a certain
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extent, but the decline during the past 10 years, except where affected by
pumping, has been negligible. The general trends in ground-water levels are
similar to trends in precipitation throughout most of the county.

Ground water is used principally for domestic, stock-watering, public
supply, inducstrial, railroad, air-conditioning, and other wurposes. The
vater is obtained chiefly from drilled and from dug wells: The commnities
of Lebanon, Zionsville, Thorntown, and Jamestown have municipally ovmed and
operated waterworks, and Advance is constructing one at present,

In general, the ground water is generally satisfactory from a sanitary
standpoint, but it is high in mineral content. The high iron content and
hardness are the chief objections for present usage, According to the
chemical analyses of waters from-public supvplies, the average iron content
is about-1.2 parts per million, the average alkalinity about 260 te 370
parts as calcium carbonate, the average total hardness about 300 to L50 parts,
and the average hydrogen-ion concentration, or pH valuve, agout 7.5. The
mean temperature of the ground water measured in water from 21 wells and 3
springs during 1947 sras about 52,59 F,

The present pumpage of ground water in Boone County is estimated to be
about 500 million gallons a year, of which about 200 million gallons a year
is used in the lebanon area, It is also estimated that nearly 200 million
gallons of water a year is wasted by the uncontrolled discharge of flowing
wells throughout the county,

The municipal water sﬂpnly of Lebanon is taken from wells tapoing three
zones of glacial sand and gravel aquifers at depths of about 50, 10G, and 220
feet. The shallow zone is apnarently relatively poor as a scurce of vater,
as snhovn by the operational difficulties in maintaining adequate yields from
wells in this zone. The intermediate zone is the main source of supply at

the present %4ime. Coeflicients of transmissibility and storage in this zone




were determined by pumping tests to be 10,000 gallons per day per foot and
.7 X lO'h, respectively., Differences in specific capacities and well loss
in the four wells tapping the intermediate zone suggest that there may be 3
highly permeable lens.of sand and gravellin the southmest part of the well
filled that is not present in the northeastern part. It appears likely that
additional water might be cbtained from the deeper zone from widely spaced
wells,

The future potentialities of ground-water supplies in Boone County ap-
pear to be fairly promising, particularly for small supplies. The complexity
of the glacial deposits make the correlation of individual aquifers difficult
and often impossible, and considerable test drilling may be required to
locate sand and gravel deposits of sufficient thickness and areal extent to
provide adequate water supplies. ‘Care should be taken in developing new
supplies, in rehabilitating and maintaining existing vells and well fields,
and in conserving ground water for beneficial use. “ells should be spaced
as far apart aé possible to avoid excessive interference between wells,

The sand and gravel terrace deposits along the valleys of Sugar and
Eagle Creeks apnear to be potentially the most productive sources of ground
water in the county, Next in importance are the buried lenses of sand and
gravel, many of which are described in the report. In the development of
new sources of supply, the importance of test drilling and test pumping can-
not be overemphasized. Information on nearby existing wells should be
utilized vhere possible.

The waste of water from flowing wells should be reduced to prevent the
lowering of ground-water levels and the depletion of ground-water supplies.

Tables of well records and chemical analyses of water from the several
public water-supply systems, and maps showing the surface topography, lo-
cations of wells, topnocgraphy of the bedrock surface, data on the aquifers

and the piezometric surface, are included in the report.
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GROUND<"ATER RESOURCES OF BOONE COUNTY, INDIAPA

INTRODUCTION

STATE-TIDE COOPERATIVE FROGRANM

A cooperative investigation of the ground-water resocurces of Indiana
by the Indiana Department of Conservation and the Geological Survey, United
States Department of the Interior, has been in progress since 1935. The
Department of Conservation was represented prior to 1943 by the Division of
Geology, from 1943 to 19L5 by the Division of Zrgineering, and since that
time by the Division of Water Resources., Detailed investigations of the
ground-water resources of individual areas, generally counties, are being
made as a part of the larger State-wide project. The present report is tﬁe
second areal report to be prepared since the detailed county investigations
were started in 1943, thé first being a report on the South Bend area, vt,
éoseph County. }/ The areas of Indiana on which reports have been released,
the area described in this report, and the areas under investigation are
shown in figure 1,

The present investigation was made under the general supervision of
C. H. Bechert, Director, Division of Yater Resources,lindiana Department of
Conservation, and O. E, keinger and A. N, Sayre, successive chiefs of the

Division of Ground Yater, U, S. Geological Survey,

PURFCEE AMD SCOPE
The importance of ground water as a natural rescurce has increased

considerably in recent years in both rural and urban areas, The increased

i/

='alaer, F, H,, Jr., and Stallman, R, '',, Ground-water resources of St,
Joseoh County, Indiuna; Part 1, South Bend area: Indiana Dept. Cons., Div.
ater Raesources Bull., 3, 1%L8,
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availability of electricity and the demand for better sanitary facilities

on farms and the increasing demand for water by municipalities and industries
in towns and cities have resulted in a greater demand for dependable ground-
water supplies, The City of Lebanon, the county seat of Boone County, has
‘had difficulty for seweral years in maintaining an adequate supply of water
from wells during periods of peak demand., In response to a request from the
officials of the Lebanon Utilities, Inc., a municipally owned and operated
corporation, a preliminary investigation of the ground-water resources of
the Lebanon area was made in May 19L5 by F, H, Klaer, Jr,, of the U. 5, Geo-
logical Survey, as a part of the State-wide investigation. The results of
this work, released in typewritten form, included a sumnary of the available
information on ground-water supply in the Lebanon area and pointed out the |
need for a detailed study of the ground-waier resources of the entire county
in order to obtain the basic information needed for the proper and economic
maintenance of the existing ground-water supply. The county investigation,
the results of which are presented in this report, was started in December
1945 in cooperation with the City of Lebanon.

The investigation as proposed included the detailed study of the sur-
face and subsurface geology of the entire county to determine the thickness,
areal extent, and outcrop areas of water-bearing and non-~water-bearing for-
mations, and their relations to potential sowrces of recharge; the relation
of changes in ground-water levels to precipitation, vumping, and other
factors; the seasonal and long-term trends in ground-water levels; the run-
ning of pumping tests to determine the hydraulic characteristics of the
water-bearing formations; and a study of chemical analyses of ground water
to determine the quality of water in each water-bhearing zone and the changes

in quality over a period of time,
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SUMMARY CF FIEID "ORK

A preliminary investigation of the available_information on the geo-
logy and ground water resources of the Lebanon area was made by F. H. Klaer,
Jr., in Nay 1945, During 1945 several observation wells were established
and regular measurements of water levels in these wells were started on
October 26, 1945, and have been continued todate, by Fred Price of the
Lebanon Utilities, Inc, Two observation wells had been established rzar
Lebanon in the fall of 1935 as a nart of the State-wide observation well
program, but measurehents of water levels had been discontinued in October
L1, ieasurements of water levels in these wells were resumed in 19,5,

Information on other wells vas obtained by B, ¥, Swartz and the vwriter
during January 1946, The well inventory was resumed in Jenuary 1947 by the
writer and was continued through July 1947. The surficial deposits and
glacial geology of the county were studied and mapped by ¥, 1, Thornbury, of
Indiana tniversity, and the writer in avgust 1946, Pumping tests were made
in the municipal well field at Lebanon in February 1947 by R, 7, Stallman,
assisted by B, W, Swartz, ¥, L, Ballard, and D. T, King. Surface elsvations
at wells on which information had been obtained were determined by the

writer in July and Augush 1947, using a Paulin altimeter and bench marks

established by the U, S. Coast and Geodetic Survey,

ACKNOYLEDGMENTS
The author rishes to acknowledge the heleful assistance giver br the
officials and other rembers of cities, toms, and industries, in providing
informatisn on existing wells and water supplies, &92cial thanks are due

b

the many well drilliers, particularly those listed on rages 10 and 11 of *his
report, who vrovided much af *he information included in the “:biea of el

records in anppendix A,

The employnes of thne Lebinon Utilitiss, Inc,, T. J. Burrin, Lanager,
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Fred Price, and others, have helped greatly in providing information, making
water-level measurements, and assisting on pumping tests in the Lebanon area,
The aerial photographs provided by the State Highway Commission of
Indiana have been used to great advantage in studying the topography and
drainage of Boone County. Chemical analyses in appendix 7 were made by the
Indiana State Board of Health, Data on pumpage from the public water-supply
¢ystems of the several cities and towns of Boone County were provided by the
Public Service Commission of Indiana,

Thanks are due F, H, Klaer, Jr., under whose supérvision the irvesti-
gation was made, for his guidance and criticism throughout the project, and

R, ™., Stallman for his suggestions and criticism of the report,

PREVIOUS ™ORK

Information on the geology, geography, and ground-water resources of
Boone County is given in several published reports, One of the earliest
publications is that by Gorby and Lee (?),E/Fhich includes a general dis-
cussion of the geography and geclogy and contains detailed logs of many wells,
leverett (10} presents a brief description of the geography of the county
and detailed discussions and logs of many wells, including some of those
published by Gorby and Lee. Capp's report (L) gives a more detailed account
of the ground-water geology and resources of the county, containing records
of wells, water levels, and chemical analyses of ground waters, Leverett
and Taylor (11) discuss in considerable detail the glacial geology of the
county in relation to the surrounding regicn and include many logs of wells,
mostly those from former reports. Harrell's publication (B) is a general
sum:ary of the ground-water geology and resowurces of the county based mainly
on information in previous reports. Tharp and Quinn (17) give a brief dis-

cussion of the topography, drainage, and agriculture of the county and a

2/
-/gee references in bibliography, appendix D,
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detailed discussion of the soils, iuch of the information in this report

on the geology and glacial histery has been taken from these publications,

“ZLL RECCRDE

¥uch information on the geclogy and ground-water resources of a given
area can be obtained by a study of existing wells and the records obtained
during tne drilling of wells and tese holes. In EBeoone County, information
on wells and well drilling vas obtained from well owners, residents, and
well drillers. The records thus obtained are swmarized and tabniated in
anpendix A, The locations of the individual wells are shown cn nlaie 2,
The records of wells in appendix A have been provided in large part by

the following well drillers, who gave freely of their time and information

to help in the present study:

John Bomaine Clayton
Flem Bowrd Lebanon
“Willard English. Clayton

R, A, fiplt and Sons Darlington
A, R, Kelly Frankfort
Claude iersey Lebanon
Clyde Lersey Lebanon
James Kersey Lebanoﬂ
tloble biger Cclfax
Charles Krauss & fons Indiananolis

Harold Lister
Ray Lister
#amn Lomax
farl kerritt

Thomas “alton

- 13 =
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horntown
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heridan
dew Augusta

Zionsville



It should be realized that many of the well data included in appendix
A were obtained mainly from conversation ang not from written records, In-
formation obtained from different persons regarding the same well was somne-
times differant, and it was not poszible to check much of the information
obtained. iany of the wells in Boone Ccunty are sealed at the top or other-
wice constructed in such a way as to prevent the measurement of the total
depth or of the wzter level. The author has attempted to sresent the bact
data availzble where questions e:dst, and where sericus disgj ~reement nas
been found the uncertainty is indicated by a question mark,

In order to facilitate the identification of a particular well, each
well is assigned & number., In the nurbering system adopted for use in
Indiana, the well number has a geographic significance taat enables its lo-
cation to be detzrmined within a l-square-mile section.

Boone County centains all or parte of 15 tovmships of larpd as it is
divided in the *ovmsnip and range system of the General Land Office. 2ach
of these townships is designated by a capital letter, startinrg with A and
lettering alphabetically from the wz termmost ioundary in the northern tier
and vroceeding eastward, then dropping one tier scuth, following the same

plan of lettering alvhabetically eastward. {See nlan in lower vight corney

The well number includes “the prefix "Bo" to designate Boone County.
To this is added the capital letiter indicating the townchip in which the
well is located, ard to this group of letiers is added the number of the
section of the tovmship within ~taich the well is located. Tnis irirartite

symbol of the well number irdicates the greegraphic location of the well,

To this symbol is added a number vhich identifies the individual well

of wa2ll ovmer. It is seravated from the former symbol by a dash. If cne

—

nwner has savoeral v 2 within tlie same cection, additicnal identifying




numbers are given to each of thece wells, These numbers are added to the
geographic symbols and owner's number following a desh, Test wells are
designated by the letter T before the last number in the well-numbered
symbol, Gas or oil wells are decigrated by the letter ¢ and a dash vhich
appears in front of the county prefix. Observation wells are noted by the
letter © and a dash which appear before the county prefix, Those parts of
the geographic tripartite symbol for vhich the informaticn is not Krown are

replaced by question marks, fxamples cof well numbers are BoAlk-1, Bo¥F36-1-10,

and G-30 7?-1,

Some of those wells for which only a general location is known are
listed first in apnendix A, They are given an identification in numerical
crder as the information was recorded. A few records of wells in sSurrounding
counties are included in this repert. The county prefix for these vells is

shorn on plate 2, and at the end of the tables in appendix A.



GENIRAL DESTRIPTION OF T'E AREA

CCATION AND ST7E

Boone County is in central Indiana. Lebanon, the county seat and the
largest city, is at the geographic center of the county {see »nl. 1}, about
27 miles northwest of Indiarapolis, The intersection of longitude 86030’
and latitude L0OP00!' is about 2% miles south and 1% miles west of the county
courthouse in Lebanon, through the center of which the second princinal
meridian of Indiana runs. The county is rectangular in shape, being zbout
2h miles in an east-west direction and about 17% miles in a north-south

direction, and compriszes zbout L27 square miles, Its population according

to the U, 8, Census was 22,081 in 15h0, and 22,290 in 1930.

TOPSGRAPEY AN DRATNAGE

The area under discussion lies within the Tipbton Till Plain rhysio-
graphic division of central Indiana, The land surface ranges in elevation
from about 77L feet above mean s=a level, along Sugsr Creek at the Montgomery
County line, to about 978 feet cn knolls % miles east-southeast of Lebanon
in see. 3, T, 18 ¥,, R, 1 E., and about 5 miles scuth-southwast of Lebanon
in sec, 34, T. 18 ¥., R. 1 W,, 25 determined by altimeter traverses. The
contours of the land surface shown on plate 1 were based on the bench marks
established by the U, £, Coast and Geodetic Survey, 110 of which are located
along the major highways in the county,

The land is an almost flat to gently relling plain cn the broad divide
between the drainage basins of the 7abash River and the “est Fork of “hite
River., The slopes throuchout most of the county are very gentle and the
local relief is generally less than 30 feet within ar area of several square

miles, & helt of morainal krolls runc diagonally across the county from the
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northwest to the southeast corner, having somewhat greater local relief a-
long its margins,

The natural drainage on the uplands throughout most of the county is
generally very poor. According to Gorby and Lee {7, p. 152) there were
originally many depressions in rhich water accumulated to form swamps and
bogs of considerable depth. The greater number of these areas are now drained
by open ditches and tile. During periods of heavy rainfzll, however, nany
fields are flooded for several veeks because of slow drainage through the
tile drains.

Near the streams the slopes are more proncunced, especially along Zagle
Creek, which flows south in the eastern part of the county. In the area of
its headwaters between Whitestown and Zionsville, where morzinal hills are
common, the topography is the most rugged in the county. Eagle Creck and
its tributaries are youthful streams with V-shaped valleys, The gradient of
Eagle Creek is estimated to be about 9 feet per mile, and the local relief
between the stream and the uplands may be as much 2s 75 feet,

Zugar Creek, flowing west across the northern part of the county, and
its tributaries drain the major roart of the county., It is somewhzt nore
mature than Zagle Creek, its gradient being estimated as about 5 feet Der
mile. It has a relatively broad villey with rather gentle slopes, the local
relief between the flcod nlain and the valley walls being about 50 feet.

Little Sugar Creek and "alnut Fork are minor drainage lires in the
vestern part of the county. They flow west, Joining Sugar Creek in ontgomery
County. Big Racoon Creek, draining the southwestern part of the county, flows
southwest to join the Wabash River near Lontezuma.

A major part of south'estern and south-central Boore County is driined
by the headwaters of Eel River., The three main tributnries, Horth Fork of

“alnut Creek. Edlin Ditch, ~nd {irassey 3ranch, have low gradients estimated
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as 2.k, 2.9, and 2,7 feet per mile, respectively. They are small, shallow
streams, following the original drainage lines in a broad, shalloy basin or
depression with an outlet near Jamestomn,

Tithin this area are some mounds or knolls thot have elevations similar
to those on the drainage divide betrsen Sugar and Eagle Creeks, They are in
alinement with this divide, the axis of which would form a gently curved arc
across the entire county from northeact to southwest, bending toverd the
scutheast.

CLIMATE

The U. S. Weather Bureau has maintained a station in southenstern Boone
County since harch 18%96. It was first located in Nortnfield but was trans-
ferred b miles southwest to “hitestown in November 1908. The climatclogical
data given in this report are it2ken from the records {18) of this station,

The climate of Boone County is typical of that of the interior Mid-
western States; i.e., rather cold winters, hot sumrers, a relatively high
humidity, and considerable precipitation, The mean annual air temperature
is 51.39 P, The temperzture has ranged from a maximum of 1052 F, to 2 minimum
of ~14° ¥, in the last 10 years. <The growing seacon betwesn killing frosts
has averaged 162 days in this period, The prevailing winds are from the
southwest. The humidity in this general region ayeraged about 70 percent

for the period 19Lh-L6, =

vl

cording to records of the U, S. eather Bureau
stntion at the Indisnapolis municipal airnort.
Table 1. Annual preciritation, in inches, at Northfield, 1896-1507,

and “hitestown, (1908-L47), Indiana. (U. €. @ecther Surecu data.)

YEAR FREC TP TTA TN ?féﬂ CemLIPLTATION TIAR FR=CIPIT\TION
L1 n/

1896/ 35,6502 191 30.31 1932 40.73

1897 25.30 1915 L5,.20 1933 33.13
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Table 1, {Con't,),

YEAR PRICIPITATION 124R FROSCTIPITAT ION YRAR FPAECIPITATION
1898 L7.54 1916 37.15 1934 27.34
1899 32.90 1917 L0,90 1935 36,69
1900 36.08 1918 k2.3l 1936 32,30
1901 30,3k 1919 37.88 1937 43.52
1902 33.25 1920 3547 1938 W07
1903 37.12 1921 L2.93 1939 36.12
190, 37.60 1922 Lh.13 1940 27.37
1905 40.15 1023 hé.hh 1941 29.32
1906 38.94 192k 39.81 142 38.75
1907 37.49 125 26.76 1943 3k.13
19062/ 28,99 1526 50.25 191, 3147
1909 50,31 1927 L47.89 19445 L8.61
1910 26.55.2 1920 h1.L9 1946 35,88
1911 38.13 1929 19,93 18h7 36.98
1912 37.75 1530 33.k2

1913 Lh .52 1531 35.12

2/ Northfield.
E/ Incomplete record,

e/ Hhitestorn.

Accordirg to the U, 2, "‘eather Eureau, the normal annval precipitation
at “hitestorm is 35.7L inches. The total anmusl rrecinitation at Horthfield
(1896-1907), and “hitestorm (1503-117), ic miven in tabie 1 and is shown in
figure 2.

The Iour yeare of grenalesi rainfall were 1979, 1925, 1529, and 1945;

and the four years of locst rainfall were 193k, 1940, 1998, and 1941, in
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order from highest to leowest, Since 1930 there hove been five years during
which precipitation was 6 inches or more helow normal ard only one year
during vhich precipitation was 6 inches or more above normal,
The normal monthly and seasonal precipitation at “hitestorm is shown
in table 2,
Table 2., Normal pracinitation, in inches, at "hitestown, Ind., by
monthe and seasons. (U. S. Weather Bursau.,)
Tinter Spring Summer Autumn
Dec, 2.65 Mar, L.09 June 3,63 Sept.  3.h6
Jan., 2.98 Apr.  3.57 July 3,55 Oct, 2.79
Feb, 1.99 May .05 Aug, 3,28 Nov. 2.70
7.62 1T71 1916 8.95
March or ay usually is the wettest month and February usually is the
driest, The heaviest precinzitation of the year genera2lly occurs during the
spring, when conditions for ground-water recharre are favorable hecauss
evapo-transpiration losses are low and temperatures are usually sufficiently

high to permit thawing of frezen ground.

GENFRAL GECGRAPHY

The city of Lebanon is situated on an upland flat, near the center of
the main drainage divide of the county, on the upper reaches of Prairie Creek.
It had a vpopulatin of 6,529 in 1940, and 6,445 in 1930, according to U. S.
Census data, The figure is doubtless somevhat larger now, owing to the
migration of vopulation to the tovns and cities during the war years,
Lebanon is an expanding industrial and =2gricultural center. Industries in-
clude stcker and gther he=ting-equipment producticn, bus-body fabricatien,
assorted iron and steel products, canning, a milk plant, and other smaller

vwied dndusbrics. It is on main lines of the Ner York Cantral and Fennsyl-
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vania Railroads 2nd is a terminus of the Central Indiann Railroad., Three
major highways pass through the town. (See pl. 1 and fig, 2.)

Zionsville, which had a population of 1,314 in 1940, and 1,131 in
1930, is mainly a residential ard esricultural community. It is in the
southeastern corner of the county on the upland of the west bank of Eagle
Creek, Several large o0il and gas tank farms, pumping stations, and 2n oil
refinery are lecated in MHarion County avout 2 miles scuth of the torm, and
a lerge bio-chemical plant is just south of the tovm,

Thorntorm, which had a population of 1,226 in 1940, and 1,325 in 1930,
is an agriculturzl town ~ith minor industriss., It is on the scuth bank and
uplands of Sugar Creek at its junction with Prairie Creelk, in tha northwestern
part of the county,

Jamestom is a small acricultural and industrial community cn the county
line in the southwestern sesction of the county, on the norihvest bank of Eel
River, It had a populstion of $83 in 1930. A pumping station of an oil and
gas company is located just southeast of the town in H2ndricks County.

Advance, pepulation 365 in 19,0, is a small agricultural community 5
miles north of Jamestovn,

Numernis smaller communities are rather evenly dis*ributad over the

county,
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AT It L "? 1 n ) asr
ROCKS AND THEIR RELAT!QN TO THE OCCURRENCE OF GRVUj? "ATER

The eccurrence of ground water is controlled largely by the geolegic
and hydrologic characteristics and relationships af the various rocks and
soils of the earth's crust. The rocks of Boone County may bé divided ints
two general proups: the consolidated Paleszoic sediments, or bedrock forma-
tions, and the unconsolidated Pleistocene glacirl deposits. Ground-water
conditions in the twn groups are auite different.

The bedrock is buried under a mantle of glacial drift over practically
the entire county. The only outcrop of bedrock known to the vriter is in
the bed of Sugar Creek in the northwestern part of the coﬁnty. The outcrop
Serves as the foundation for the bridge on the hontgomery-Boecne County line
road, a quarter of a mile north of State Highway L7. The greatest thickness
of glacial drift on record is 354 feet, in well BoK17-1 (pl. 2). In this
well limestone was struck at that depth, Other wells that penetrated great
thicknesses of glacial drift are: SoKS;h-2, 350 feet; G-Ba?%2-2, 3L2 feet;
BoB3S-1, 320 feet; BoC5-1, 314 feet; and G-Ba?2-3, 285 feet.

The majority of wells in Boone County derive their water supply from
sand and gravel in the glacial drift; detailed records of wells penetrating
bedrock are relatively scarce. i:ost of the informatien en the bedrock was
obtained from wells in the western part of the county, where the elevation

of the bedrock is greater and the glacial deposits are thinner,

BEDRCCK GEOLCGY

Rock Units and Their Vater-Bearing Properties

The general succession of rack formations uncerlying Boone County and
their water-be ring properties are shown in table 3. As the majerity af

wells in Boora County obtain their water supplies from the glacial drift cr
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Table 3. Generalized seotion of the geologlo formations of Boone County &/

System

Stratigraphio Unit

Character of Material

Ground-Water Conditions

Qua ternary

Alluvium

Clay, ailt, send, mnd
gravel in bottom of
larger atrsams

¥oderats supplies avalladle from
sands and gravels. Depcosits are
fine-grained and lees permeablse
than the glaclal outwssh depos-
its. Limited in Boone County to
velleys of main streams.

Wisconsin glacial
drife

7111 {boulder olay),
sand end gravel

Moderats to sbundant supplies
from outwash deposits of sand
and gravel; moderate suppliaes
from lenses of send and gravel
interbedded with till. Smuall
aupplies from dug wells in ¢113.

Flaistocens

Illinoian glacial
drif't

Till {boulder olay),
sand and gravel

Moderate %o abundsnt supplies
from outwash deposits of sand
end gravel; moderate supplies
from lenses of sand and gravel
interbedded with t111.

Older glacial drift?h/

Red clay ebove bedrook,
in southeestemn part off
sounty

Unimportant as a aocurce of
ground water. Generally necss-
sary to drill into umderlying
bedroosk formations to get ada-
quate supplies.

Borden group
S Edwardeville Shale, siltstone, snd
A g formation sandetons
% ‘é F lgg’f‘:ag::: Lime stone Small aupplies from limestona
s 'E Caerwood formation Sandstone and siltstond °F ssndstone layers.
sﬁ' Looust Point Shaly siltstone, and
- g formation shals
- = New Providencs Shale and sandetone
5 s shale
S Rockford limestone Limestone Unimportant ag a source of water,
New Albany shale Blaok end brown shals | Meager supplies only. Kay aup~
hg ply a few domestioc wells in
§ Boons County. Water likely %o
§ bs rather highly minerslized.
o & | Jeffersenville {(7) White to gray limestonq Moderate to sbundant supplies
g ("Corniferous") g/ much orevicad and chan< from orevices. Supplies meager
§ limestone neled in soms places where limestone is dense, with’
fow arevices.
S Niagara limestcne Blue to buff limestone, Moderate te abundant supplies
'g massive to orystalline, from crevicea. Supplies meager
~ eroviced in places where limestones are dense, with
w faw orovices.

Ordovician

Cinoinnetian series

Shales, with a faew
thin interbedded lime-
gtonesa

Unimportent as a source of
ground water.

Ordo- |Ordo~

Middle|Upper

Trenton limestone 4/

Magaive limestones, in
piaces dolomitie

Yields salt water; alao gax and
0il in relatively small quanti-
ties in soms places.

vician| vician |viclian

Ordo—

Lower

84, Petar sandatons

Porous sandstons

Smell supplies of highly
mineralized water.




Table

b,

Ce

d.

3. feneralized section of the geologic formations of Boone County 3/
{continued)

Based on section by C. L. McQuinness in “Gro%Pd-water resowrces of the
Indianapolis area, Marion County, Indiena¥:*<ud i Dept., -Goasewvhsiony €iv.,
of Geology, pp.l6~19, (mimeographed) Jan. 1, 1943, modified by the writer,
Hay be residual soil or deposit of pre-Pleistocene age.

The Mississippian is regarded by the U, S. Geological Survey as a series
of the Carboniferous system and by the Indiana Division of Geology as a
separate system.

Geologic names in common use by drillers.
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from the upper bedrock formations, detailed informaticn on the deeper bed-
rock formations is incomplete.

The regional dip of the bedrock formations is west—southwesf and the
younger formations are present only in the western part of the county, These
are the shales and siltstones {perhaps the Carwood formation) of the Borden
group of wississippian ave, which are underlain by the Rockford limestone,

New Albany shale of Devonian age, Under-

also of kississippian are, and the
iying the New Albany shale in the central and western prts of the county
and immediately underlying the glacial drift in the esastern rart of the
county are the limestones of Devcnian age., The locations of wells that pene-

trated bedrock and the type of bedrock penetrated are shevn in plete 3. The

logs of wells penetrating bedrock are included in apmendix B.

Silurian and Ordoviecian Rocks

Several wells in Boone County that penetrate the Silurian and Crdovician
formations are G-Bo?7-1 at Lebanon, G-Bo??-li at Therntorm, G-Ro??-7 at Zions-
ville, BoF36-1-11 at Lebanon, and 3-BoE3L-? nezr Rosston. The well near
Rosston is the deepest knovm in the county (1,825 feet), penetrating the St.
Peter sandstone of Ordovician age. The well was reported tc yield mineralized
water from the St. Peter sandstone at a depth of 1,670 feet and salt water
(10 gallons per hour) from the Trenton "1lime" between depths of 1,0L8 and
1,142 feet, A L7-foot sirntum of limestone {probably of Niagarsn age) at a
depth of 515 feet was also reported to be water bearing (app, B). In well
BoF36-1-11 at Lebanon, the lirestone (probably of Niagaran age) L07 feet
thick did not yield sufficien% water for municigal supply, although in other
parts of the state the livestones of Niagaran age genernally yield moderate
supplies of water to wells, Conditions do not appaar faverable for obtaining
moderate to large suppliss of potable water from the Silnrion =nd wdovicinn

formatinne in Bumne Moty
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Devonian Rocks
Limestones
The limestones of Devonian age are the uppermost bedrock formations in
the eastern part of the county, east of a line running northrest from the
southeast corner of the county through Zionsville, betwesen “hitestown and
Gadsden, and near Pike. The wells in vhich the Devonian limestonss were
found at the bedrock surfoce are included in table i, with the elevations

of the top of the limestones and the thicknesses penetrated

Table L

Wells in Boone County penetrating Devonian limestones

Well Type of rock Thickness Elevation of Position
{feet) top, in feet
above mean
sea level
BoB35-1 Probably ? 590 At bedrock surface
limestone
Bo35-1 Lirestone ? 623 do,
BolLllj-2 Blue Limestone 17 720 do.
Bol27-1-1 Limestone 10 676 do,
HaE31-1 do. 19 727 do.
3~Bo??-) "Corniferous! 37 160 Below New Albany shale
limestone
(Ly p. 7h; 6, p. 2633 12, p.L5)
G-Bo?7-7 "Devonian lime- 76 625 do.

Sstone with san
stone at base®

(12, p. L)

BoH31-2-1 Hard white 93 656 Below shale
limestone

G-BoH3L-2 Limestone; 67 713 do.
water

DoL7-1 Limestone 65+ 693 . do.

The mention of sandstone at the "base of the Bevonian limestone® in
the log of well G-Bo??-7 is the only known record in Boone County of what
may be the Pendleton sandstone or its correlative, The limestone is known
to be water bearing in the wells given above, except in wells (G-Bo?7?7-l and

G-Bo??-7, fer »tdich no information is available. The yields of the wells
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are generally ample for domestic and farm use. The water from well BoLll-2
was reported to be slightly mineralized and that from well HaB3l-l was re-

ported to be somewhat "oily.®

New Albany shale

liany wells in the eastern and southeastern parts of the county have
penetrated & black shale, the New Albany shale of Upper Devonian age, which
overlies the mi’dle Devonian limestones. Its complete thickness in the
eastern half of the county is not known, the greatest thickness penetrated
being 90 feet in well BoH31-2-2 where it is the uppermost bedrock formation
at an elevation of 751 feet above sea level,

Wells in which the complete thickness of the New Alvany shale was
drilled are G-Bo??-h, at Thorntown, in which 87 feet of "Hamilton shale® _
(New Alnany) was reported, snd BoF36-1-11, in Lebanon, in which 75 feet of
black shale was logged., It is probable that much of the 20k feet of blue
and black shales in well G-Bo?%-~1 and possibly all the shale in well G-Bo?7-2,
both in Lebanon, is the Mew Albany. Shale was reported as the uppermost
bedrock in well BoKS-l-2 at an elevaticn of 570 feet above sea level. This
is probably the New Albany shale, as the top of the New Albany was reported
at an elevation of 607 feet sbove sea level in well BoKh-1-2, about a mile
northeast, If so, this is the westernmost point knowm where the New Aibany
shale forms the bedrock surface. The New Albany shale generally does not

yvield water to wells in sufficient quantities to be considered as 2 source

of water supply.

Mississipnian Rocks

Rockford limestone
The Rockford limestone, which marks the base of the Mississippian, is

a relatively thin (generally less than 20 feet thick) but rather persistent
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limestone, It was found in Lebmnon in well BoF36-1-11, at zn elevation of
601 feet above sea lavel, where 7 feet of limestone is overlain by 10C feel
of blue shale and is underlain by 75 feet of black shale. About 3 miles
south of Lebanon, in well BoK17-1, 7 feet of non-water-bearing limestone,
which is probably the Rockford, was found 2t an elevation of about 600 feet
above sea level,

In the sastern part of the county, a Zimestone aquifer was found 2t an
alevation of about 760 fzet above sea level in wells RoHlh-1, BoH16-1l, and
BoH20-1, The elevation of the limestone in relation to that of the ilew
Albany shale in nearby wells indicates that the limestone lies above the
black shale and, therefore, is probably the Rockford, The limestone was 18
feet thick in well BoHlh-1 and 12 feet thick in well BoH20-1, The Rockford

limectone generally does not yield large cuantities of water to wells,

Borden grouﬁ

The majority of the wells in the southwestern half of the county thnt
penetrate bedrock end in rocks of the Borden group of Mississinopian age.
Rocks of this group have been described by drillers as "socapstone,! "blue
shale," Ygreen shale," "limestone," "sandstone," "porous rock,! and "hard
white rock," The Borden group in its.outcrop area in southern Indiana has
been described in detail by Stockdale (15). It is pointed out that there
is considzrable wvariation in lithology both vertically ard laterélly, and
major changes in the type and character of the formrticns are common.
Stockdale {pl., 2, column 3), has separated the Borden group in southern
Indiana into the following formations: |

Formationn Lithologic character Averare thickness
(in feet)

Edwordsville x~inly sandstone, shole, 50-55
forration and siltstone, with lecal
limestone reef deposits
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Formation Lithologic character Average thickness

(in feet}
Floyds Knob formation Limestone and shale 2-6
Carwood formation Sandstones, siltstone, and 115-120
shale, with local limestone
reef deposits
Locust Point formation 3iltstone, sandstone, shale 120-130
New Providence shale Kenwood beds -~ sandstone and 200

shale. {"soapstone) .
Argillacdsous slrale (soapstene
with local limestone reef deposits)

He also reports (15, p, 62), that the Borden group becomes thicker from
South to north and from east to west. The maximum thickness of the Borden
group in Beone County is not known., A well at Thorntown {G-Bo??2<L) showed
238 feet of “Subcarboniferous limestone and shale® (6, p. 233 L, p. 7h; 12,
p. 15},

A study of well logs and of the elevations at which the Mississippian-
Devonian contact was encountered indicate that the base of the Borden group

dips southwestward at a rate of from about 15 to LO feet per mile, the aver-

age dip being about 25 feet, or less, per mile.

¥ew Providence shale. - According to Stockdale {15), although the New

Providence shale, like the other formations of the Berden group, may vary
widely in character, it is usually an argillaceous shale, commonly knovm by
many well drillers as "soapstone.® The blue shale or “soapstone" generally
is not water bearing, The logs of several wells in the central and western
parts of the county showed the presence of sandstones and "yellow limestones"
about 230 feet above the base of the Mississippian strata., The "yellow
limestone” may be an iron-stained calcareous sandstone. These strata are
believed to be in the unper part of the New Providenca shala < perhaps at

ther hase of the Loeenst Point Sorwation,
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The eastern limit of the formations qf the Borden group, including the
basal New Providence shale, runs roughly parallel to and 1 to 2 miles east _
of U, 5. Highway 52, as indicated by the logs in about 25 wells, This coin-
cides fairly well with the line of the buried “Knobstoneﬁ escarpment as
shown in plate 3,

In general the.Ngw P@Evidence shales yield little or no water to wells,
although the sandstone and "yellow limestones' in the uoper part may yield

sufficient water for domestic and stock use,

Locust Point formation, - In southern Indiana the Locust Point formation

is composed mainly of alternating sandstones, siltstones, and shales with
interbedded calcareous lenses., In Boone County many of the bedrock strata
between 230 and 370 feet.above the base of the Borden group are reported to
be limsstone. It is possible that the "limestones" in reality may be cal-
careoys sandstone, or the Locust Point formation may be largely calcareous
in Boone County. ilost of the so-called *limestone" équifers that produce
sufficient water for domestic and stock use are in this interval, as shown
by wells 30d8-1 (12 feet of white limestone), Bod15-2-1 (15 feet of lime-

stone), and BoL36-1 (18 feet of limestone).

Carwood, Flovds Knob, and Edwardsville formations., - The remainder of

the bedrock formatiéns ¢f the Borden group in Boone County £all in the in-
terval between 370 and L70 feet above the base of the group, The upper 100~
foot interval may represent the Carwood formation and may perhaps include
part of the Floyds Krob and Edwardsville formations,

In southern Indiana the Carwood is mainly a sandstone with minor shale

and silfstone lenzes., The only sandstone reperted in this interval is that

found in well HaAlé-1-1, in Hamilton County in vhich its thickness is not
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recorded. The elevation of the sandstone is about 390 feet above the base
of the RBorden group., In Boonz Ccounty several "limestone” aquifers that
supply sufficient water for domestic and stock use occur in this interval,
such as those found in wells BoI18-1-3 {5 feet of yellow porcus rock},
Rol2¢-1 (70 feet of hard white limestone), and Boiil5-1-3 (17 fe=t of white
porcus limestone).

As described zbove, much of the bedrock is listed as blue shale. This
type of rock does not seem to be diagnostic as the term is used to describe
the bedrock at many elevations and in many different areas, It does sug-
gest, howevaer, that the rock is in the Borden group, Nost of the drillers
report that water is obiainsd from crevices in this type of rock and from
nonporous limestones and sandstones, The crevices are reported to decrease
in z2bundance with depth, s¢ that if water is nét obtained in the upper part
of the rock the chances of success decrease accordingly. The loge of certain
wells, such as Bokl0-6-5 (L12 feet of soft blue shale), G-Bo??-L (238 feet
of "Subcarboniferous"” limestone and shale), and Boli9-2-1 (123 feet of soft
blue shale}, probably are not sufficiently accurate or detailed for corrsl-
ative purpcses.

The only outcrop of bedrock in Bocne County knovn teo the »riter, the
location of which is descrimed on page 19, is a licht- to medium-drab to
greenish-gray fine-grained silistone containing 2 mincr percentage of mica
flakes and sand grains, It aprears to be slightly peorous and centalns a
small percentage of small pyrite inclusiors, Imall inpressions ahout 10
millimeters in length and 2 millimeters in width, with varallel lines along
the long axis, ore belisved to te plant remaing, Irregular, hairlike im-
pressions suggest wrm btraiis,
ragments of the relatively "Iresh" unoxidized rock do net react to

ccld or warm hydrochloric scid., The surlace of the rocks of the cutcrop is




buff to dark brown to black, oxidirned, leached, somewhal pcrous, and iron-
stained. The rocks have a bloclky appearance and a hackly fracture, Certain
parts of the outcrop are reported by a local well driller to contain *Indian
beads," the description of which suggests crinoid columnals.

This outcrop occurs probably about 3hS feet above the base of the Borden
group. 1ts stratigraphic location is in the upper part of the Locust Point
formation, but it is possible that the rocks are basal beds of the Carwocd
formation. The reported abundance of crinoid columnals and the topographic
location seem to favor the latisr hypothesis. The Carwood formeticn is the
resistant rock that caps the Knobstone escarpment in many places in gouthern
Indiana, However, the Locust Point formation is also found at the crests of

some hills in the outercp area in southern Indiana,

TOPOGRAPEY OF THE BZDROCK SWRFACE

The topography of the bedrock erosion surface in Boone County as shown
in plate 3 is consi&erably rougher than the topography of the present sur-
face. Because of the unequal distribution of wells drilled to bedrock, the
detail of mapping throughout the county is variable, The accuracy of the
map is dependent on that of the available well records, and as additional
information is obtained revision of the map will doubtless be necessary,

The wells in which bedrock has the highest elevations are BoJ26-L
(limestone at an elevation of 91 feet) and BoJ26-5 (limestone at 907 feet},
in Milledgeville, and BeI?2-1 (shale at 899 feet), in Advance; and the wells
with lowest bedrock elevations are Bo335-1 (bedrock at 59C feet), near Pike,
and BoK5-h~2 (shale at 590 feet) and BoK17-1 (limectone at approximately
600 feet), just southeast of Lebanon. The relief based on the measured el-
evation of bedrock in individual wells is, therefore, 2bout 32L feet, but
according to the conteour map the relief within the county may be ag much as

L0O0O feet,



The contours of elevation show an 2scarpment paralleling the trace of
the kississippian-Dévonian contact described above, A similar escarpment
occcurs in the ouberop area of the Borden group in southern Indiana, because
of differential erosion of the more resistant rocks of the Borden group and
the less resistant MNew Albany shale.

It is noted that east of this buried escarpment the bedrock slepes are
rather gentle and uniform, averaging about 70 to 86 feet per mile, but that
west of it the topography apvears as a rather well defined plateau with
relatively flat uplands and almost precipitous ravines. The highest ela-
vation east of the escarpment is on a bedrock mound in secs. 9, 10, 15, and
16, T. 19 M., R. 2 E, 7lell HeZ30~1, east of this area in Hamilton County,
entered limestone at an elevation of 800 feet, est of the escarpment the
plateau averages about £00 to 890 feet in elevation, with the exceptions in
Milledgeville and Advance previously mentioned. The elevation of the bed-
rock upland declines to about 800 feet near Thorntown, Tweo mounds that
reach elevations of 820 to 830 feet occur 2 miles north of Lebanon and mide
way between Royalton and Zionsville, respectively. These are probably out-
liers of hississipnian rocks.

The former drainage pattern of the bedrock erosion surface agrees
generally with the regional subsurface drainage of central Indiana. The
main tributary to the main trunk stream headed south through the center of
Te 19 N., R. 1 B, It drained practically the entire e2stern half and the
extreme southern part of the county., The dashed line extending northeast
from Lebanon on plate 3 indicates the possioility that the bedrock drainage
entering Lebanen from the seuth might have drained along this line instead

of turning northrest, az shown,
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GIACTAL GIOLOGY

1lacial History

Following withdrawal of the shallow continental s2as in which the sed-
iments were deposited during the Paleozoic era, the land surface was sub-
jected to weathering and erosion. The rock strata became consolidated and
were gently folded, and erosion and weathering removed a large quantity of
rock material, The surface topography, as shown by plate 3, was quite
similar to parts of southern Indiana teday.

During the Pleistocens epoch of geologic time, climatic changes causéd
the accumulation of large masses of snow and ice in the northern part of
North America., As the accumulation continued, the ice masses expanded
horizontally,.with the greatest expansion to the south. The large masses
of ice and snow, called continental glaciers, advanced at a faster rate in
troughs or depressicns than on the upland., The ice fronts became irregular
as the rate and directicn of movement of the ice front varied because of
changes in climatic conditicns, The glacial history and the conditions under
which the glacial materials of 3oone Ccounty were deposited were rather
complex,

The major glacial stages, during which the ice sheets covered much of
the North Central States, were senarated by interglacial stages during which
the materials were subject to modification by weathering and erosion.
Climatic conditions during the interglacial stages may have been somewhat
similar to those of the present tirme, as shown by the presence of swamp de-
posits, buried trees, and other plants within the mass of glacial deposits.

According to publiched reportz on the glacial geolegy of the Ridwestern
States, Indiana was covered by at least two large continental ice sheets,
Minor advances and retresats of the ice front were commen during the major

stages,



Although the deposits of the Illinoian stage are the oldest glacial
deposits in Indiana for which identification has been definitely established,
an earlier glacial stage may be represented, In many localities in Indiaha
a bed of red clay and gravel that lies irmediately above the bedrock may
represent the Kansan or Hebraskan stage. The deposits of the earlier glacial
stage have been recognized in several states west of Indiana,

The Illinoian ice sheet covered nearly three-quarters of the State,
being absent only in a triangle-shaped area in south-central Indiana. “hare
the Illinoian deposits are exposed at the surface their thickness is gen-
erally less than 50 feect. They may be considerably thicker, however, in
central and northern Indiana,

The last ice sheet to cover central Indiana was that of the Yisconsin
stage, From west to east the southern boundary of Wisconsin glaciation exe
tends through Vigo, Parke, Putnam, Korgan, Sartholomew, Decatur, Yayette, and
franklin Counties, As the Wisconsin drift and underlying Illinoian drift
are quite similar in appearance and general character, it is difficult and
Sametimes impossible to determine the contact bHetwaen the deposits of the
two glacial stages. The meximum known thickness of corbired T11linai-m and
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Subsurface Glacial Deposits

The information on the subsuriace glacial materials of Boore County
must be obtained from records of wells, most of which are based on the nemory
of the well driller or s'mer, Actual crilling samples were seen in only a
few nlaces and 1% -wis ot rossible to obtain a complele set of samples for

any well, It should be rererbered that these deposits were laid down under
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a complex set of natural conditions and the materials may change radically
within short distances both horizentally and vertically, Several gravel-pit
operators claim that they have removed sand and gravel up to a nearly vertical
wall of blue clay. "ells within several feet of each other are reported to
have penetrated entirely different materials at similar depths, Specific
exanples of such differences’'were found in wells Bofi3i-L-1 and Bo31-hi-2;
and in BoK18-3-1 and BoK18-3-2, where one well struck a sand and gravel
27ulfer and the other, blue clay at the same depth,

The major part of the glacial material underlying the surface of Boone
County is described by drillers as "tough blue clay" with assorted stones
and boulders. This is typical boulder clay of glacial +ill, Interbedded
with the till deposits are beds and lenses of sand and gravel that serve as
underground reservoirs in which ground water is stored and from which water
Supplies can be obtained through wells, The sand and gravel deposits where
water bearing are called aguifers. Normally sand and gravel aguifers occur
at many different levels within the till deposits, but, becaus:z of their ir-
regular areal extent, in several locations in the county wells have been
drilled to bedrock without encountering an aquifer. Such failures were ra-
ported not only in the western part of the county where the drift is rela-
tively thin but also in the eastern nart when the drift cover is considerably
thicker. In many cases, however, nroductive wells were obtained within short
distances of the unsuccessful wells,

liost of the wells do not penetrate the full thickness of the aquifer
tapped. The general practice for farm and  demestic wells is to drill into
the water-bearing formation only 50 far as is necassary to obtain the de-
sired yield,

The elavation of the tope of glacial aquifers penetrated by wells in

Boone County are shovm on plate L and fligures 3 and L, These elevations are
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in feet above sea level, and in many cases are estimated on the basis of the
depths of vells. The thickness in fect and/or type of aquifer are noted
after the elevation for those wells in which this informatisn is knorn.

more detailed data are included in the well records. A study of the maps
and well records reveals that the elevations of the tops of aquifers in many
wells in the county are identical or nearly so, and that in ce-tain areas
some aquifers are evidently more cormon than others, This evidence, plus
the fact that there appear to be relatively immermeable beds of considerable
thickness between the aquifers, suggests that many of the aquifers weve
probavly deposited over many parts of the county on a relatively level sur-
face. The aquifers in certain wells may have beesn formed by the irregular
deposition of outwash or may be the remnants of sand and gravel deposits
partially removed by later erosion,

According to the well records, certain aquifers are rather ertensive
throughout the county outside the nresent stream vzlleys., The tovs of these
acquifers are found at elevations of 930, 903 to 908, &7k, (880), 830 to 840,
868+, (765-775), and 7L0 to 750 fest above sea level., These shown in paren-
theses are of relatively local importance,

The elevations above sea lavel of the tops of important acuifers in

different parts of specific areas are given below:

Sugar Cresk Zagle Creek Extreme

drainage drainage Southwest part  northecast part
Lebanon area aresa area of ccuq}g;_ of county
905 to 920 874 508 925 to 30 930
(892) 860 903 to 908 910 27l
875 730 to 83k 868 906 750 +
£60 820 e 8%6 Lo 900
820 to 838 803 720 38 to 890
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Sugar Creek Eagle Creek Extreme

drainage drainape Southrrest part  northeast part
Lebanon area area area of county of county
805 796 798 to 808 878 to 880
765 785 775 870

773 760 832 to 838

73L to 750 750 810 to 81

(g 7ho 78k to 788

701 to 706 730 7L0

662 to 666 70L

A spring in the M23SE} sec, 22, T, 19 W., R. 1%7,, cccurs at an ele-
vation of about 920 feet; springs and seeps in sec, 19 and 20, T, 20 N,,
R. 1 E., near the center of the NEX sec. 26, in the N3 sec. 25, and in the
SELSET sec. 23, T, 18 M., R. 2 E,, are at elevations of about 860 to 870
feet; and a spring numbered as well Bol25-2 is at an elevation of 837 feet,
A number of springs in the vicinity of 3ig Springs occwr at elevations of
915 to 935 feet,

lells in the Lebanon area reported to have perstrated aquifers B feet

or more are listed below:

Blevation of Thickness in feet,

Tell No. Ovner top of aguifer and type of aquifer
BoF36-1-11  Lebanon Utilities,Inc. 709 8+, Sand and gravel
ReF36~-1-104 do, 71lh+ 12, Gravel and quicksand
Bo331-2 Industrial Land Co. of 72k (or 716) 13 {(or 12), Sa1d and

Irdizanapolis zravel
BoK6-2-2 Joseph Tyre 7h3 10, Gravel
BoK5-2-1 do. 767 10, Gravel
30J1-3 PFennsvlvania R,R, 772 1L, Cemented gravel
BoK7-2 0. E. Faflin 795 10, Gravel



Elevation of

Thickness in feet,

Well No, Qvmer top of aquifer and type of aquifer

Bodl~3 Pennsylvania R,R. {Bo2) 30, Sand, gravel, and
boulders

BoF36-1-3 Lebanon Utilities,Incs. 833 10 or 40, Sard and grawel

Bof36-1-7 do. 8,2 19+, Sand and gravel

BoF36-1-8 do. 858 {or 843) 35+, Sand and gravel

BoK18-3-1 Seth Agan 856 10, Gravel and sand

BoF36-6 Pennsylvania R.R. 862+ 20, Sand

BoJ1l-1 Joseph LaBolle {863} 18, Quicksand

BoK6-1 Ed Piercol 871 (or 881) 10, Gravel overlain by
10 feet of sand

BoF 36~1-2 Lebanon Utilities,Inc, 886 12 Sand and gravel

BoF35-1-7  Dan Presser 0L 9,Gray gravel

Bo(:31-5 Indiana Condensed Milk  (912) 12, Gravel

Company

It is notable that the majority of wells in the Lebanon area that are re-

ported to penetrate thick aquifers are in the southern part of Lebanon and

south of it {fig. 3).

Cemented gravel was report in wells Badl-3 and Bor7~37 and as obeserved

in outcrops in sec, 23, T, 18 ¥,, R, 2 E,

Lenses of "fine sand" which may be water bearing in part are reported

in many localitias in the glacial drift.

sands, ranging in thickness from a

The greatest concentration of these

few inches to as much as 70 feet (in wells

BoJ22-1 and BoK30-2), is alorg the former drainage lines of the bedrock sur-

face, Beds of quicksand are reported in many wells near Sugar Creek.

Cther glacial materials of interest occur within the +ill in Boone

County, Although many of these materials have little direct significance to

the ground-water supnlies of the area, they do accist in the interpretation

of the glacial penlogy and, therefore, are discussed in this report,
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Gas, and vegetal material ranging in size from leaves and twigs to
branches and tree trunks greater than a foot in diamster {in well BcB19-2},
have been found in the glacial till of Boone County, The gas is reported to
be combustible in most cases, suggesting its source to be the buried vegetal
material undergoing decay. lost of the-wells in which g£as has baen reported
either yield small quantities over a rather long period, or else yield strong
flows for several minutes or hours and then practically ceaze giving off the
gas, However, well BoF26-~2-2, northwest of Lebanon, suprlied enough gas for
cooking purposes for one family for about a year before the pressure became
too low. The gas may have come from a 6-foot interval of sand and gravel at
a depth of 216 feet, although it did not gush forth until 8 feet of the
underlying blue shale bedrock was penetrated. Fine sand forming a cone about
150 feet in diameter and 3 feet high at the apex was blovm out of the well
by the gas pressure in a period of about 2l hours., Cas in well Bol7~1 is
believed by the owner to come from the limestone aquifer %tapped at a2 depth
of about 2L5 feet, under approximately LS feet of shale.

The elevations of the top of the deposits in which vegetal matter was
discovered are 676, 689, 70L, 730 to 737, 750 to 753, 760 to 0L, 778, 81
to 822, and 891 to 903 feet above sea level, The elevations at which gas
was found are 700, 720 to 7hO, 740, 820+, 850, 890, and 903 feet., The source
of the vegetal materials doubtless is vegetation that grew locally during
interglacial stages or substages and was later buried by glacial deposition,

Leverett believed that some of the formations drilled belonged to the
Illinoian or older drifts. (See notes regarding wells G-Bo??-2, at Lebanon,
and G-Bo?7-8, at Zionsville, in app. B.)

The term "hardpan® is used by drillers to describe several tyves of de-
posits. It is evident that some use this term to designate the usual bluish-

gray boulder 2law. come to designate a firm, uniform bluish-gray clay through
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which it is hard to drill, and zome to designate a yellow to reddish-brown
compact clay. There seems to be no consistent usage of this term,

A study of the locations of wells in which unusual thicknesses of sand
and buried vegetal matter are found shows that these deposits are confined
largely to areas that are underlain by the deeper V-shaped bedrock valleys,
It is notable that deposits ranging from 3 to 12 feet in thickness, con-
taining dark swémp—type muck in which leaves, twigs, and branches of %reses
are embedded, occur at depths of L6 to 61 feet below the surface in aresas
that aline closely with the position and directicn of a glacial sluiceway
mentioned by Leverett (11, p. 96). These deposits are penetrated by wells
BoH?-12, BoI?-16, and Bo?-22 at an elevation of about 895 feet above sea
level, Although well BoH?-12 lies northeast of the sluiceway in the morainal
area, and the muck is buried beneath the morainal deposits, the well is in
line with the sluiceway. These beds prchbably were deposited during a minor
retreat of the ice front during the Wisconsin stage.

& large elongated area along the headwaters of Zel River, heading into
the morainal hills trending northwest across the county from the vicinity
of Zionsville, has been mapped by Leverett (11, pl. 5), as a glacial sluice~
way for the meltwaters from the ice front that formed the moraine {pl. 1}.
He noted that the present étreams are now f£illing the channel, an indication
that the streams were probably larger than at preszent. The channel appears
to be quite shallow, as records of wells fail to show any tnick or extensive
depesits of outwash materials in this area. The greatest thickness of out-
wash noted is 70 fzat of sand, the top of whiech ic at an elevation of %31
feet, in well BoJ33-2. iany wwells throughout Boone County were rercrted to
penetrate a layer of sand and gravel, 2 to 10 fect thick, at elevatisns of
about 900 to 930 fzet above sea level, A comparissn of plates 1 and 3 shows

that the headwaters of Eel River largely cverlie deep ravires in the bedrock
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surface, except near Jamestown where the present stream crosses the buried
uplands of the bedrock,

Yellow clay is common in the drift. It is commonly present at the top
of the blue clay, but it alsc occurs at scattered horizons in the blue clay,
Sections at an outerop in the south side of Eagle Creek in the center of
the ¥37% sec. 1, T, 17 ¥., R. 2 E., and in gravel pits in the SELSWL sec.

10, T. 18 ¥., R. 1 W,, and in the \WAWINE} sec, 12, T. 17 N., R, 2 ¥., show
a leached and oxidized subsoil zone below a bluish-gray calcareous clay. A
2+ 10 23-foot zone of gumbotil is present above the subsoil zone in the
section mentioned second above, These occurrences may be the remnants of a
scil zone of the Illinoian or an older drifit.

If the drainage area of the headwaters of Bel River is the site of a
glacial sluiceway, as proposed by Leverett, it would have been of only local
importance because of its topographic position along the divide between the
Thite River and Wabash River drainage areas, Subsurface evidence agrees
with this, as described above., A possible explanation of this basinlike area
is that the moraine that was deposited diagonally across the county blocked
the drainage of the area of the headwaters of Eel River and the drainage of
the southeastern portion of the county from Zionsville and Northfield through
the area just north of Whitestown, as shown on the bedrock map {pl. 3},
causing réversal of flow and resulting in the present drainage pattern,in
which the headwaters of Eel River flow southwest and Bagle Creek flows south,
The morainal deposits are assumed to have filled in and built up the area
of the main valley tributary to ancestral Sugar Creek, and the mouths of most
of its tributaries, so that it became topographically high, (Compare pls.1l
and 3.} The position of the Sugar Creek-Eagle Craek drainage divide and the
highs at Milledgeville and north of Jamestown on the present surface, occur-

ring as a gently curved arc, might be explained by this hypothesis, or by
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the theory that this area is underlain by morainal deposits of an earlier

age, possibly Illinoian or earlier, or by a combination of both of these,

Surficial Glacial Deposits

The most extensive glacial deposit in Boone County is boulder clay or
glacial till, commonly referred to by well drillers and natives as Tolue
clay." This material is primarily a blue or gray clay containing varying
perzentages of angular rock fragments, sand, gravel, and silt, I% is derived
from materials picked up by the advancing ice sheets, ground in part inte a
rock "flour," and dropped in place without sorting or stratification when the
ice sheet became overloaded or when it melted. The till is compact and rel-
atively impermeable and generally yields only small quantities of water to
wells,

The surficial deposits of Boone County are mainly glacial till, which
forms a generally level to gently rolling plain known as a till plain or

groand moraine, The low mounds of the same general type of material, which

occur as a discontinuous belt running northwest from the southeastern part
of the county, were formed when the ice front remained at approximately the
fame position for a considerable time, They indicate the location of a
moraine,

The stratified coarse materials found along the major drainage lines in
Boone County are alluvial depcsits laid down by meltwaters which issued from
the glacier front when it remained stationary or retreated. They constitute

outwash or a "valley train,” In areas where sands and gravels were deposited

by meltwaters on an aluost flat surface, the deposit is called on outwash

plain. The fine materials were carried away by the water,
The numerous small depcsits of stratified gand and gravel scattered

ATer Rorra Cannder yare probobly deposited by streams within or at the base
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